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Abstract of J P2002298324 
PROBLEM TO BE SOLVED: To provide a 
magnetic recording medium with excellent 
thermal stability and to enable super high density 
recording, and to provide a magnetic recorder 
having it. 

SOLUTION: The magnetic recording medium is 
provided with a first, a second and a third 
magnetic layers. Magnetization of the first and 
the second magnetic layers are in mutually 
opposite direction, products of the magnetization 
and layer thickness are approximately equivalent 
to each other and synthetic magnetization of the 
first and second magnetic layers become zero. 
Only magnetization of the third magnetic layer is 
detected in the case of reproduction. Sub-lattice 
magnetization of transition metal of the first to 
third magnetic layers and sub-lattice 
magnetization of rare earth metal are oriented to 
the same direction, the first to third magnetic 
layers are regarded as one magnetic material 
from such a magnetization state and activation 
volume in this case become for three layers of 
the first to third magnetic layers. Consequently, 
the magnetic recording medium is excellent in the 
thermal stability. 
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_tiS&tg±lcSB 1 BSteJg. SB 2 fi&teJB.&t> { S& 3 mUM £ 

SB 1 fl£t£/§ i: SB 2 fittttSwflfrftcDft £ tfSLvHcit 
|A)#-C*>9, IS 1«^<0«{I:©*# 

[&#« 3 ] sb i on4S»iji#^awi'Jts^«{k*sff 

i9S«»©adt Sr*i- Sit Sr^m t-T-5 f»*3S 2 
ffif&coffl^*#U SB 2 ^ttSli®f£&McogiJte^«frffc 

[gt *3® 5 ] sb 3 ttmmuRo&mTmttw 

SB 2 BlttJi & (75 Pfl -CflS < ^SISSl^ t m 2 8£t£Ji & SB 3 

«:«« & i" a W#B 3 KlB*<B««B«Kflc . 
[flfcftg 6 ] SB 3 tta^JRtf>I«&^««fc:;as«| 

[if *Jg 7 ] SB 3 SSteJI li^±5g^:® (OBHfrfaWk** 

[t»*3S8 ] sb 3 B.i>!-mMfi±m&m<z>Mte*m<k& 

i SB 2 ttttfli i «>IS|-C« < 3?ift)t3-;*7 t SB 2 flttt* t SB 

3 mam t <o n t-« < t o» ± 9 t> * * v * r. 

[f»*3S9] SB 1 «:tt/i&t*SB 2 ^ttSro<K^<o±$ 
£ &Ztv?tiM 1 , M 2 t U SB l fl£t&S.KLTJ<SB 2 fl$14 
/§cDJD?£*:;tve*t t l&tft 2 £ Lfcttic, 0. 9 
5 S (MIXtl) / (M2Xt2) SI. 05 CDg|£6 

[ W#JS l o ] |g*JS l ~ 9 cov Jglc:SE«0> 



[SIWcDiMfflfttftW] 
[0 0 0 1] 

[0 0 0 2] 

[0003] ttftefltflEttic&v^TffiaAttftfleftfr* 

&mm#(ommmiz.}*. co-cr-pt i-Tai ^ 

CO*t»^J!S<fflV'>e>Hrv^7 l t„ rcDWH*> 2 0nmS 

[0004] ai?feftiE»co^.«>(cf4 > w&mnm/i&TZ. 

ttt. (ku • v) / (k • t) ■VTFZixzm.&mmk 
-rz^kfrX'^z,, z.z.x. ku : mts.mjj&^*/i'*e 

V : gttft«2BI» k : JKA'y^VJBR, T : 1ST? 
[0 00 5] Sttft««V-^««Jl3Srttai*A' 

«pfF4 6 5 2 4 9 g^lciiSfiiittf ir©KtV- K 
[0 0 0 6] 
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ft^ft^t^HUBasfcofc,, 

[0 0 0 7] ttttJKOH)IM£«rnftr'SftiM>^«r 
±a&ata#&Sta>e>ft («r±«-S 

< ft *> «l*«tt^«T-t-5 t V> 5 IJ8H;JS£ 
[0 0 0 8] #3BWr4, *»*»*IHHSr<»*-r*fc«>J!:« 

[0 0 0 9] 

[■Wr«W5fc»»W] #f&WcoaSic9a«{ct£ 
Ic^UKtte, a$ 2 W&MRXtm 3 attafrMttM*., 

*7*y*tt*ma»&»j*Siv asi 

SSttJf <^SS^b t 8S 2 &&a cofiSflSCD [6] # ;4S£V > (Ci{$ ft # 

t?*>t). as nKttja©a$^©±fr staff oai^ as 2 
«tta««fl2©** £ t aff^sffcfs^ lv^ t «r» 

»ti-S«^ilS»jfttt:^*i«SJx5o 
[0 0 10] ^nKftaettBfrl*. SflLhlclUtt 

tta, as2«tta&t/as3«tta!sswgjcflsasitfc«5g 
^#-r5o aiaisa, as2®Ettaso«as3a&afa, 

3\ asie$ttatas2«ttat<oig. &tfjg2attat 
as3«tsat<r>K-ef4, *±fs^JH<o-t^-e^©Bj»^ 

«ft!4JSElMS^UTIBI— *«llcErtl-r4i: t tC, a& 

efou-cv**. rco,t5(-, asietta~as3«tta<o 
3aco^t4a»(^g8-cii. 9**aoM*?affl::8'&-c 

a>p>-r*v«> asi«tta~as3fl$i4a»3a<o«ttatt 



a~as3^tta<o3a^j-ftorv^ t#^5it^-c 

«SSJttt<o*B«-C*,S (Ku • V) / (k • T) CD 
tftt, BSItaffacOS^-i 5 < ft 5>. 

, [0011] asi^aco^:ft:coesfttas2att 
'aro^f*coasfkji5:v>jcis»iRit-e, a-ffcco*^ $ ta<o 
w-?*-b<nmm\mvw?, asi^t±atas2e$tta 

s^NFtca^btfetusixs^bn, as3 8£t4a<£>fi£{b 
-efc^o asi«ttatas2Ktta«o2aco«^<z) 
*fdtt*sw«jfc-t?n-<?;)b5©-e, asn3si*a,K.tfas2B& 
mm&m 3 Ki*acofi$^t«if#s:*^.5 r t «ft < . 

*5o-c. as3estta<oesii:^«ft^(c«ttii- 

[0012] as 1 ^as.t^as 2atta» 

«{b«)*#*sr*n-p*LMi» M2 tu aiattax 
t^as 2 m&mnmomz-zzti^tt 1 1 t2tu 

t £ 0. 9 5 S (MIXtl) / (M2Xt2) < 
1. 0 5©BB«Sr*JB-r*Ci:^«F*bl\ as 1 

mmmnmrnz 2 n m~ 2 0 n mwitfc 9 . as 2 & 

tti©lgf 112 nm~2 0 nm^lffcS. aS 
3S£tegcoJ8lfftt2 nm~4 0nmii»lT-fe5 t 
[0013] **M©««iaWK<Wc*iV^r, as 1 «t£ 

*mik&»&<Dmf$.<nm&. * 2 «tta 5 #± 

«-3^a^&l*#±*&acoirJte^«teas«i&c9j|i& 

figici-sr tasM*bv\ arm, mim&m&M 

Sit**a*LV\ icOj;5«-aSH^tt®S.O t aS2flStt 

a*«^-rtt«, asi®EttB&tKas2«ttacoiK^co^: 
#***aicaa-*-a^ia*-e*3. — as3atta 

asffiaco*&/S-c *> o -c t> J; t ^ 
[ 0 0 1 4 ] as 2 «tta.&tfas 3 aw-aa*, 1 1 1^ 
&m (*fctt*±a*a) ©M»^-«ft!jj«a«)iwa«> 
as2att@co»^n, asiffl£tt®tas2^tt 
mt<Dffl-em< 9 t/hsv^w tas#;£ l. 

v\ as2ai*a-9s, B^a<&BJ»^a*tas«» 
com^-cfc 9 , as 3 mitm&Hi±m&mv>Mtir : i-m<k& 

#*mik#m»<o»}ifv*> 9 , as 3 &mm&m&&m<D 
wm*mk&&&<D&!$.(Dm&^ as 2 itts^st^ 
*s> as 1 t as 2 «tta t cowc«&< 
t, as 2 t as 3 m&e t co < t 

a~as3^t4a^«^-rscttc«t?). it«cofHfik*^ 
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t«#i*i^at/iofc t # »- , miM&mtmzm 
s„ 

[ooi5j *&wv>mn.mmm&<?>mmmm 

KO^T|2]2£#fl&L#;asP>Ift93-rSo 1212 (a) ttfl* 

14®, fg2att®&tf»3&14®aH^;ftfc#±gi-g 

[0016] 82 (a) Clfc^-C. HllB£ttS~m 3 
ttg^F^lcii, ^HKttg~^3<Ktt®Sr^-t-5S^ 

m 3 mam <nm&&m<vm%*mikRv%t±m&m?>m 

\*.m®&m<Dmte^-mktm&xibz><n-^ m 1 mam 

**. -ft, &2M&mte%>±m&m<nMm*M{kt>m 
fS-efesw-e, ^2<Kttg<D^w^fi*±^®» 

j® roiijfe^^b^^t 1 * s <dx& 3 tttio^rot 

So Siat4St^2^14®cD^fli:^^b«iS»l*)t-efc 

v. miM&mnmittmm (mm) k<om*K %zm 
&m<nmktmm (mm) t<r>m\zmimvwe. m 

-fbi*m 3 SSte® <DMikx& So 

[0 0 17] 1212 (a) iC^LfcJ; 5 t-> f l«lti~ 
^ 3 ^14® COil^Jg<?)iiJt&^^k&O t *±«^«<DgiJ 

B${k««i^e>-rti-i^ ffUBSt£®~S&3ai4®»±lo<D 
8£te#i:^&-e-So a^satt#<DSttfts#«tt:, 
^LTV^V^§1^3{gT-*>S<Z>-?, B£tt#li^2cJ& 

Di^JSrolij^T-^b^, m 1 SStfi® -IS 3 «£ft®tf>*r± 

ft;!*, sg i es*fe®~ss 3 mum^m^mmm^-mit 
i BStt®~fB 3 m.^m<ow»^m,<o®m^-mt(omfa t 

|RlBM±®t!&2ratt®<o£#<DeMbte 

#<Dmfc&m&ft<»±#nmiki?3b s, 

[0 0 18] JJCV^-C, ^^rlE^-fSfc*^, 1212 



(^Jtlc^p-rSi:, SS 1 BS^d^S 3 SSte® 

<o as i m&mRv%i3m&m<Dmmtm<D 

ft 2 S«4Ji©#±*IAJR«)BHfr?-WbH:±fil#T?*>S. 
[0 0 19] 1212 (c) {d^-TJ;5Jc, ttMEMBtt"* 

t, w, i ttttJB&ttfis 3 m&mt±K.m*>mzmk-rz>o 
mi m&mRvm 3 mssm<o±»^mitt^± 
*tcrsi<o ft 2 m\±m(DmmimAxftt±m4tm 

J: 9 t> /h $ v *b , ft 2 BH4® ©®££JStf>SHfc^B* 

ft 1 s*t±s~ft 3 m&m<o&&&me>Mfc*mitte 

0 1 sa*s~ft 3 w&m<ow^m<om^mkRxi^ 
m 1 3 <KttJiw 3 m<of&mm * 1 

e<oi»{bttBiettS<ofl£{btjSrS]^r-fet3, fgi«i«t 
®co^bt®J?tcDa*^ ^2^ttSO^btgJ?tCD 
HICBISOLI^-C, ^l«ttSi:^2<Ktte©^kH: 
iT*,^L^•v^, KS3attt»«>«fl:B:IE»*l«lH!iSfc3Sfl:-r 
So n p UTfg3JKttJllct!md s ia»*ix5o 
[0020] ictim^iESS ^ 4xfclK^,IHiS««t 

C El 2 (d) i;/Tti5C, tH**|6]f-+»lc^:^^ 
^SB^#SrfnJDi-Si:, ilIttI*>bl3Kftl*"e 

•5. ^2^®<D*±^ja<oii|fe^'ft;ttT(fi]#-efc 
^»«J|iSme*s-t? tuc * 4 i: , » 1 OttS A VMS 3 Mi± 

l«EttJi~*3«ttJitt, 1212 (a) lOfLfcKfttl 
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[0021] oft, m%mmm»<Dm 1 *tt«##± 

S&JBcDBJ»^«fkasffii&cDj|a/£*#U S&2BStt=SX 
tfgl 3 «ffiiasB^S<0BJ»^8*ffc#^w&j*«:*f 

[0 0 2 2] 133 (a) fc*5Vvr, SI 1 8&ttJg <t H 2 B£ 

8H4Sl*#±i®&«©BJte^SftW s «^&5©^ « 
1 MttJI«>^«>mbrMfridRM«>M«HHKflS j: IHHK 
CTl»ltt*5. ^2JKffigl*S«^JR<OBJt6^ 

jS*ft# ^lSH^roBKb^JiJSfccoaa^ 1&2 
& *a s ix* «Mis w:* 3 ss»e omit-? 

[0023] croi^t, Jf$itt<£Jl~ft3ttH£J|<z>a 

•?ttl^*lRl{ciBlR)LTV>4co-C, M>5«MSA>f>t 
*U*. ^HKtt®~IR3flSteSW:lo<0«tt«£t**-f 
lim. 8ttftM«sf 1 3 itti© 3 

[0 0 2 4] JJc^-e, tiHSfciESgrTS*:*^ HI 3 
(b) JJi^-r J; 5 {is *JH»«©+»3iv^«sgtl!LSr± 

r^t^Biiq-rst, * 1 rnvkm a>b sb 3 &vm *-c»4 

<, ;oit, ^2»ttSSt/»3«ttScoa^fejR«> 
m3a$ttJg©«r±S^JS©BiJ»^«it:W:Tl6l#t?fciJ, 

us 1 aH£*<D*±*A«wM*^*ftr*±i«# -cfcs. 

[0 0 2 5] 11 3 (c) l^fiplC, flS^ffi»«t«£^ 

t % m 2 <Kt4SS.t/^ 3 «ttJittffi«arrtiK:aift:i-*. 
coBH&^f- S£f b t£ * co ±# icfstg-r £ SB 2 <om 
SB2B£ttJf a>ib. IB 1 SH4Sco#±^JScoBJ» 



s„ *fc, m 1 coafbfiB 2 mtmnrnt t m& 

&£*t5o 

[0026] i co J; 5 tcffitttflBA* tifcfltftCflkjKft 
in 3 (d) fc^-t-J; 5 

ft<„ rcot^s IR2«tt8XTJ3B3«14Sc03#&JR 
©Bite^BMfcraTfa^-C&tK IB lBH±Sco&;£&Jgc9 

m±<Dmxm< ^m^t>R^±m^m<DMm^mit 

|^dtoWe«<3E|fei^^JcJ;9±i^#(j:«^U ?Bl 
BSttS~SB3fi£«UlB:, 1213 (a) {C^UfcKftttKWC 

[0027] *&9i<Dm2<Diemiz&x.&. *&m<om 
[0028] *mw©^ia^«tt, mm<r>% 1 <z> 

[0 02 9] *3gM«5^ffifiiSEcOlK^y K(4, IK 

b Lt\ MR^ (Magneto Resistive^^- ; 
Sb^^^f-) ^GMR^-? (Giant Magneto Resistive^ 
; g^«S»S8LS»**^) « TMR^ (Tunneling 
Magneto Resistive*^- ; MfZ. h ^*^%m$it&tfi%S%: 



-5- 



10 0 3 0] 
[00 3 11 

[muni r^witu *%m^'&im^m&te 

t Lt, III 1 <D«*WfBBHM*i- J: 5 *HrB»5t4r*-r 
1±ICT«)B2. IRl®*iUl3, *2ttttJ|4* fsum 

[0 0 3 2] *i\ SfiULt, H^2. 5-f>-^ 
(»6. 3 5cm) Otf^SSSr/BSbfCo ^©SS 
1±IC, TiWl2 t LtBftV!) ayRtDC^^ h 
py^y^StiB 5 0nm©IBPt»*Ufc. 

(Ar/N 2 #I£lt2 : 1) &*Jh^ft«fli L 
fc 0 *'<y*^<Dmj}YZQ. lPa, ftADC«;bfi2 

kw/6^yf0-cfe5o 

[0 0 3 3] o#*(C x T«i-2±lcSl«ttl3i:Ut 
W^«OM»^at<b^«»ftlUl©T b - F e - C o 

2«tt»4AtfE«i5^^H. Tb^Fe^Co 

te, TbiFe iCo0^ bO*Wt«*«raattC 

&&9£btj:%>Mf&fot£Z>£o^ T,b*S0. 40kW/ 
6^fyf 0, Fe#l. 96kW/6-f>f^ Co^ 

0. 2 5kW/6>fyf 0itfc o »l«tti3©JSf 
Ii8nmat Sdt^tCttA r «rJBV\ 
^S^m^^EE^f^ 0 . 26Pai: Lfc 0 

[0 0 3 41 #5)ftfc»lIttl3 0fi«Att2. Ik 
Oe (JO 1 6 7 . 118k A/m) "Tfo 9 . ffildSWbtt: 
6 6 0 emu/m 1 , tiffQttlt tmW><DW*0 . 5 2 8 
memu/cm 2 . IE8«**tti*^^tt8. 6 
X 1 0 6 e r g/cm 3 T^o/: e 

[0 0 3 5] 3ti*-c, f|S l fltttJB 3 Jbicjff 2 flfettJB 4 2: 
Ur#±»«iOil»*«tffc3»«l»ft«*OT b — F e 

*5±5^, Tb^l. 28kW/6^yf0, Fe^ 

1. 17kW/6^fyf 0, Co^O, 15kW/6^f 
0 <t Lfc 0 ft 2 SKttJlOJKVtt 1 4 n m <b Lfc 0 £fc 

0. 26Pa^ Lfco 

[0 0 3 6] §f>^2ltl4(DM^0. 8k 
O e -C& y> > fiSfdWktt 3 8 0 e m u /m 1 , JSfWKft: 



tJBJ?^a«0. 5 3 2memu/cm 2 > 
^tt^^M^— tel. 8 X 1 0 6 e r g/c m 3 -Cfco 
fc. 

[0 0 3 7] »2«tt»4±{C|S»JB5 £ It 

w»^m<omm^mittmwm^L<oT b-Fe-co 

^-y^h^MlAll Tb^O. 55kW/6^ 
V^0, F 6 36*1. 8 3kW/6^yf0, CofcO. 
24kW/6>{yf0i:lfco E«Ji5^)lRfftt2 0 n 
mat Srtl^lCttArfcfflVN ^«r<?5*« 
^EAttO. 85PaiLfc. 

[0 0 3 8] »fctlfclBfldl5©«K^tt5. 2kOe 
-C*>9, ftftHttt3 5 0 emu/mK fi&ftH»{b£B 
J»<^«tt0. 7memu/cm 2 , IS^S^ftx^ 
/U-3r~fl5. 2X10 6 er£/cm 3 tfcofc 0 

[0039] mmc. E»jf5±^««mi6i:brc 

H0. lPa, SADCf^il. 5kW/6-fyf« 

[0 04 0] [««,IS»SH] ofic, ttftCflttttta 
*B±^««M Srtt*-r a r t \c X o tflf >( * 9 * 

MCm*0fflNIMt*B 4 jfctfB 5 {c^-To 

[0 04 1] Bl 4 ttttftCJKMI 100 <D_hffitf>E|-eS> 
!9> H5tt, ««IE»36«l 0 OOH4{c*3JtS«j||A 

-a' *fRjo»rffiia"ea>5o Eftffl««^yKtLt, 

2. l TOKI^«ftms«(WUiMv^|| 

ttaa***t-s^aryv^ tfy/Vv^lGMRf^y 
KlciOW&Lfc. mfSL^y Ko^y^ftflO. 12 

tt— #ftS*tT*5D, a4WB5t?tt8ft^yK5 3 

«l*5 4lcj;9«ij«istt*. «ftot*f^^5 1tt 
^tr^K/P5 2l£<fc9l^ffl[Hlfc£*L5o ttft^ 
5/ KB&fltttJI2:*>EfBttl 2nrai:ftofc 0 

[0 0 4 2] ojfte, Bt^-f^^ollittJBtttrP^* 
fc#l£^f^£fT#ofc 0 S^WSfc-Ctt, 4 0Gb i 

t s/ i n c h 2 \cn^1-zm^&mm^tzM^y*JX 
0^-7 O^^S^ftCS^ra^Cfibfc^, 15® 

fe*©»ft^^^i:br*iKfflRav»2« 
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[0043] sui, ^wt-^^aaiESSSEfrxtF-etv 

~*3»IMItTb-Fe-CotI^r»*Ufc#, 
A*.!*, Tb, Gd, DyftyHo*>f>)iC5Si>6.ia 
W>*< it> l«^CO*±?S5cmi. Fes CoStJt 

N i a»&fcSi£*P>jtttJx5'>&< £fc i«M*>S»* 
[0 0 4 4] JiEMIIWCH:, JBlfltttJIfcS* 

[0 0 4 5] 

SSrSlvlcjK LT«x£Wf iStt-fbttattSB l~S3i 



[Hi] **Wlt«5*ftE«K#©llfaB#iftSr*a;«j 

[El 2 ] hi ma* Lfc^3a«s«Efr<z>isfiyiffl^ov >r 
[13] hi 2 1 mii<Dmf8.zG-rz>M%.i£.mMft<nmm 

[134] *fSMJc^5«^iia®^B<o«EII&«^l2|-CS> 
[0 5] [2l4cD^8mf2ii^B<£>A-A , ^[Sjlcjstt 5»r 

l S« 

mm® (m3m&m) 
&m® 



2 
3 
4 
5 
6 
1 0 
5 1 
5 2 
5 3 
5 4 
10 0 



y K 
y KOI 
ttftEASB 



[HI] 



14] 



100 
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[02] 



[H3] 



-flf #±«**coil«HH3ft 



(a) 



(b> 





4* 












of 
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*2ttttfll 



(b) 
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(o) 



(d> 
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(c) 



(d) 







4* 
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<72)#0|# W£ PfH F ^ — A (##) 5D006 BB01 BB07 BB08 DA03 DA08 

*BSH?35* rfrfiSl— T B 1 #88-51- a EA03 FA04 
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